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ELECTROMAGNETIC WAVES SCATTERING ON AN
UNCLOSED CONE WITH AN ISOTROPIC ONE INSIDE

Vladimir A. Doroshenko, Elena K. Semenova
Kharkov National University of Radioelectronics

14, Lenin av., Kharkov, 61166, Ukraine
Email: hsemenova@yahoo.com

ABSTRACT
The problem of electromagnetic wave scattering by a perfectly conducting thin long
bicone is considered. The bicone consists of a slotted cone and an isotropic one. The
solution method is based on using the Kontorovich-Lebedev integral transforms and the
semi-inversion method. Both analytical and numerical results are presented.

INTRODUCTION

Cones and bicones are omnidirectional and super-wide band in radiation pattern and
matching. The structure under consideration is a model of a specific bicone reflector and
a slotted cone antenna. The task of this work is to study effects of slots and isotropic
cone on scattering characteristics.

FORMULATION AND SOLUTION METHOD

Let us consider the scattering of incident electromagnetic waves from a thin perfectly
conducting long circular slotted bicone. The geometry of the bicone configuration is
shown in Fig. 1; (r,0 ,p) are spherical coordinates with the origin at the bicone tip. The
bicone structure Y consists of a semi-infinite cone with periodical longitudinal slots
Y2 :0 =Y2 and an isotropic one Y-, :0 =YI (Y, = Y-1 UY2 ). The period l = 27/N and the
slot width d are angular values. The source of an incident :_1 z
field is a magnetic radial dipole (the time dependence is 2
assumed to be exp(iot)) that is located at the point

B0(r0,0 0 ,(p0), Y2 <00. The vectors E and H of total
fields satisfy the system of Maxwell equations, the Bjoro,0o.oe)

boundary condition on the bicone: Etan I =0, the I
condition of finite stored energy and the infinity 0 Y
condition. The conditions mentioned above guarantee the x
uniqueness of solution. In order to find it, it is convenient Fig. 1 Bicone structure
to use Debye potentiala, which satisfies the three-
dimensional homogeneous Helmholtz equation outside the bicone and the source, the
Neumann boundary condition on the bicone, the principle of ultimate absorption, and
the edge condition in the proximity of boundary singularities. In accordance with the
structure of the total fields E = k') +k-E , HR =fl' + k') , we represent 3 in the form
a =,4")+a3',), where indices (i) and (s) correspondence to dipole fields and fields
scattered by the bicone respectively. We look for the solution in the form

(r,0,p) -- f1 sinhmte"tsI (0,y) H 2 (kr) dr,
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where H,2) (kr) is the Hankel function, P'" (cosO ) is the associated Legendre function,

a,,, are given; P3,, ,. ri,,,, are unknown coefficients and expressed via y,,. The
boundary condition imposed on the bicone and the field continuity condition on the
slots yield the dual series equations those are reduced to the matrix equation of the
Fredholm second kind [1] like (I - A)Y =B, Y= {y,, }. Coefficients y,, are independent

of the wave-number k; it is convenient for finding the field both near the vertex
(kr << 1) and far from it (kr >> 1). The solution of the matrix equation exists. is unique,
and can be approximated by solving a truncated matrix equation. For a cone with
narrow slots (d,/1<<1)one can solve the equation by method of successive
approximations.

ANALYTICAL RESULTS
For a cone with narrow slots we obtain the asymptotic expansion of potential

&,'( at a large distance from the slots in terms of parameter (1 - u) <<1,

u =cos (7td 2/l) in the following form ((p0 = 0, 00 =rt ,m 0)

+b H) (kr) Fdi 2 n(coO H 2 (kr) jF

10 P7 F, + 2P,•-,(-cosY2) 0 ,7 F, +•

P 1,/2+n (-cos0) +' H ,'2 )(kr) A,p " (-cosF) e"1Ad
-l_1) ddr f2,,2t (_C S )_`r'd

P;O H P '2+i. (-COSY 2 ) 0 , + _ d I p/- -'2-COS'Y)
d ci

P", f,2+,, (cosy I)d P, •÷, (-cosY 2)

+O((1-u)),y 72 <0 <iT; CA I dd7j dY2 -
pd O"
dy (1Y 2dA, chnr 7 1'+(c s 2

'I- 1_1 1
7•tsin. (+ 2 ±+)P•'i2,,, (cos7)P 1  (cos) 1 -C11 ' A, Y -'C/

/),0

NlN(-)2' e =O(N 1(n+V )-2) nN >>1. -1/2!<v <t1/2, b, is given.

NUMERICAL RESULTS
We'll discuss the far field scattering characteristics of the bicone based on numerical
examples of (p -plane scattering patterns. Let the source be at the z -axis ((p, = 0,

00 =7r , m = 0) and N = 1. Thus Fig.2 depicts the dependence of the far field scattering
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on the angle 7 2 for an alone slotted cone (the isotropic cone is absent). The ray p = 0'

coincides with the slot axis. The slot lobe is symmetrical with respect to the slot axis;

the main lobe of the slot radiation is centered in the direction p = 00. The effects of the

isotropic cone on the scattered far field are shown in the Fig.3 - Fig.5.
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Fig.2 (p -plane scattering patterns for the alone slotted Fig.3 p -plane scattering patterns for the alone

cone ,(y, = 0) d2 = 600 for different values of 7. cone (1) and the bicone (2)y, =7 /16,

1.- 7, =7/6,2.- 72 =7u/8,3. - 2= n /16. 7 2 = 7/8, d2 =60'
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Fig.4 (p -plane scattering patterns. Scattered far Fig.5 (p -plane scattering patterns. Scattered far

field dependence on the angle y I. field dependence on the slot width d 2 .

1.- 7 =c =/14,2. - 7, =oor/16,3.- 7y =7c=/20. 1.-d 2 =50,2.-d 2 =300,3.-d 2 =600

CONCLUSIONS
The problem of exciting the slotted cone with the isotropic one inside by the magnetic radial
dipole has been considered. The analytical solution for narrow slots is analyzed. The scattered

field structure contains the isotropic cone contribution and the narrow slots one. Scattered field

patterns are given to investigate slots effects and the isotropic cone presence both.
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